Fluorescent rhodol derivatives: versatile, photostable labels and tracers.
A series of chemically reactive, fluorescent rhodol derivatives was prepared and evaluated. Reactive functional groups included activated esters, amines, haloacetamides, fixable hydrazide derivatives, acrylamides, and photoaffinity reagents. Depending on the choice of substituents, absorption maxima of the dyes varied from 490 to 550 nm with extinction coefficients that were generally greater than 50,000 M-1 cm-1 in aqueous solution and emission maxima from 520 to 580 nm. Most of the compounds investigated exhibited fluorescence lifetimes between 3 and 4 ns. Individual derivatives were suitable for excitation with the 488 and 514-nm lines of the argon ion laser and the 546-nm line of the mercury arc lamp and were compatible for use with standard fluorescein and rhodamine filter sets. The rhodol dyes were more photostable and less sensitive to pH changes in the physiological range than fluorescein derivatives. Some examples show absorption maxima at or near 514 nm, an excitation wavelength that is useful for multicolor fluorescence microscopy, flow cytometry, and DNA sequencing. Derivatives were also prepared that exhibit absorption and emission maxima similar to those of tetramethylrhodamine (TMR) analogs but with higher quantum yields in aqueous solution. A number of the dyes had higher solubilities in aqueous systems and were less quenched on conjugation to proteins than TMR derivatives. Appropriate substitution results in a wider range of solubilities in hydrophilic or lipophilic solvents than is easily accomplished with fluorescein or TMR derivatives. Conjugates of a number of the rhodol fluorophores were generally more photostable and less pH sensitive than fluorescein conjugates and more fluorescent than TMR conjugates.